Fallacies in the Interpretation of Radiographs during Nailing of the Neck of the Femur by Andrew G Pollen FRCS (Bedford General Hospital, Bedford) Radiography as an essential aid to the nailing of a fracture of the neck of the femur is almost universal. Since the introduction of the cannulated trifin nail, the basic technique has been standardized to a great extent. The fracture is reduced by a combination of manipulation and traction; the limb is then secured to the orthopxdic table extension in a position of moderate abduction of the hip with medial rotation; traction is maintained.
The next and most important stage is the correct arrangement of the X-ray apparatus, since it is axiomatic that success or failure is largely dependent upon securing good radiographs. The usual practice is to obtain radiographs of the hip in two planes at right angles: the antero-posterior projection is obtained by placing one X-ray tube vertically with the film behind the hip; the lateral projection is produced by a horizontal tube so placed that the X-ray beam meets the long axis of the femoral neck at approximately a right angle. Preliminary radiographs are taken in two planes in order to confirm the accurate reduction of the fracture and to display markers if any visual aid is used to facilitate the insertion of the guide wire. The guide wire is introduced through the outer femoral cortex below the great trochanter in such a plane that it lies fairly close to the calcar femorale and transfixes the capital fragment centrally. Further radiographs are taken to confirm the correct position of the guide wire and to enable the surgeon to assess the length of nail required.
One assumption widely made is that if the tip of the guide wire is seen to be wholly contained within the confines of the femoral head in both 22 radiographs, then this must be its true position. For some time I have suspected that this was not always true, that in fact it was possible for the point of the guide wire to have passed through the head of the femur and to be projecting into the joint, though the radiographs indicated that it was still entirely within the head. In order to prove or disprove this theory the following experiment was performed.
Experiment
The upper end of the femur was obtained from a cadaver and a guide wire was introduced in a position suitable for the insertion of a trifin nail. The point was allowed to project through the articular cartilage by 0 5 cm. The specimen was then clamped in a position of moderate abduction, with the femur medially rotated 20 degrees. The X-ray tubes were arranged as previously described: a vertical tube with the film behind the femur and a horizontal tube so positioned that its beam met the inferior surface of the femoral neck at an angle of 100 degrees. Radiographs were then taken and it can be seen that the point of the guide wire appears to be wholely within the femoral head (Fig 1) . These standard radiographs give a false impression of the position of the point of the guide wire since we know that it is about 1 cm beyond the position indicated.
In order to get radiographs which indicate the true position it is necessary to place the hip so that the guide wire is directed towards the 'horizon' of the femoral head with respect to the X-ray beam. The true antero-posterior projection was obtained by externally rotating the hip 35 degrees until it was in 15 degrees of external rotation. The lateral projection was correct when the hip was adducted so that the 'tube-neckangle' was reduced to 60 degrees (Fig 2) .
Explanation
It is necessary to explain this apparent paradox: any point within a three-dimensional space can be precisely located by reference to its position on the three Cartesian co-ordinates; these are axes at right angles to one another: one vertical and two horizontal. Now it would appear that the radiographs taken in two planes at right angles should provide all the necessary measurements to locate precisely the point of the guide wire. Because of the spherical shape of the femoral head, however, the radiographs are liable to give spurious information. In fact they will only give the true details under special conditions; i.e. when the guide wire is directed to the horizon of the head of the femur. In Figs 3, 4 and 5 the upper drawing represents the guide wire in the femur, the lower drawing the appearance in the resulting radiograph tion film. The X-ray beam strikes the periphery of the head at a tangent at the point where the shadow will be cast. This I have called the horizon. Provided that the guide wire is directed towards this point, its shadow and that of the femoral head will accurately reflect their true relation. If the guide wire is directed in front or behind this point then the femoral head shadow will overlap that of the guide wire and a false picture will be obtained (Fig 4) . The practical implications of this are of some importance: it has been shown that the guide wire may have penetrated a distance of up to 1 cm beyond the position indicated by radiography. It is important to avoid the nail penetrating the articular surface of the femoral head. Not only will the joint surfaces be damaged but a painful hip may result, particularly once weight-bearing is permitted. The one puzzling feature is that some patients in whom one is aware that the tip of the nail projects into the joint are nevertheless free from pain. Perhaps more important, though less common, are cases of slipping of the upper femoral epiphysis: it is the usual practice to secure the epiphysis by introducing several pins somewhat obliquely so as to grip the relatively small epiphysis in several separate areas. In these circumstances the chances of one or more pins being at some distance from the horizon in both planes is increased and the chance of the articular cartilage being breached is correspondingly greater. To avoid these complications it is necessary to assess the plane of the guide wire in relation to the horizonparticularly the lateral radiograph. Fig 5 shows a guide wire inserted at a steep angle. The angle of deviation between the guide wire and the horizon is about 40 degrees and the amount of pseudo-shortening is approximately one centimetre. This should be added to the apparent length of the guide wire in the lateral projection to obtain its true position. Angles of less than 15 degrees can be ignored as the distance concerned would be too small to be significant.
